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(57) An optical disk has a recording layer recording 
information as a row of marks and non-marks alternately 
appearing in a groove formed at a track pitch of 0.280 
urn cr greater and a light transmissive layer formed over 
the recording layer, to reproduce information due to a 



light beam having a wavelength in a range of 375 nm to 
415 nm and illuminated by an objective lens having a 
numerical aperture NA in a range of 0.80 to 0.90 through 
tne light transmissive layer to the recordino lav*r Tho 



recording laver. The 
groove has a depth in a range of 18 nm to 32 nm. 
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Description 
BACKGROU^ 



, . Field oi the Invention informa tion in the form ol a row ol marks 



TO 



f5 



type 

2. Description of the Related An Djsks) as opticai 

k u* heen developed optical disks, such as Dvys I a versatile Disk-Re- 

'sssss^&ssssas:^ 

.orming a record marker porhon M whos g 
l rack GV O ro,d>na and reproducing apparatus has a pwk P devjce having f0 ur 

: [0004] The information reco.d.ng and p hotodetect or t hM «£™°^ B track s GV ol the DVD and a 

photodetector 1 as shown , , F g. 2^ ■ u &y a directing the g oov ^ ^ Quier tfack 

Mght-receiving surfaces at Id ' ^ Tne lighwe ceiving surfac es la and d P ^ ^ QVD 
Section perpendicular to h .9 oove tra ^ ^ are posltlon ed .n , th nnner fe ^ 

side of the DVD while the ^^^^ a read light beam onto 

[0005] A read light beam generator . r Thepho toelectr.c convemngdev.ee de 

[hereby forming a beam sp ° °" ^ the DVD at the four W"™**^^ by the light-receiving 
tiaht of the information reading spc n.u of re^b ° posi tioned on 

gnals Ra to Pd or electric s.gna^ coupon a 9 ^ the |ignt reC e, £ surfaces a ^ ^ 

surfaces 1 e-1d. The recephon ,g ^ - f an ^ and the ^^J^Sl an adder : 3. The adder 

the outer track side of ^J^^~ 0S Zne6 on the inner track »'*/^^- ll J»irfBce. Rb and Rc. Further, 
light-receiving surfaces 1b -ne .c pos ^ adder 3 adds tne lig w ^etv.ng ^ ^ ^ 

2 9 adds the ligM-receiving surfaces Ra ar d ^ ^ g ^ the ou signal oUhe adde , P ^ ^ 
a subtracted subtracts the output signal not shown , may be produc y tf id |n 

i nal as a radial P-^^^J^S,^ detected by the ^^^^ disk, because 
signal corresponding to the amounts ° ^ ^ (Q asymmet ry w,.h respect to £h gnH» (orm the 

addition, the push-pull ^^K^ on the "B»"«^ , r^^ 1 Si is caused from a phase 
rS^^ such as 0VD~- 

foOOS] The conventional groove ecord.ng P ^ (p . .genera P ^ ^ ap 

digital broadcast quality for (orthe hig h-vision digital «f , "^» 8 V B '^ 0CUM d spot diameter and 

system achieves a P^^STapertut. NA in the pickup to -further ^ ^ jn , e . 

objective lens having a high numenca h disk Genera lly, the > wavelength X of the 

50 Responding* increase the ^ m of , he ^f^^^^^ proportion to V 

Se^^^ 
analogous torm in order tor m-re 
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record marks because of limitation of recording property. It has been reported that the data bit length as long as nearly 
0.130 um/bit makes possible stable recording/reproducing. For example, in the case of (1, 7) RLL modulation, the 
conversion into a channel bit length provides 36.7 urn/bit. 

[0008] Because there is a limitation in increasing density of marks in a disk tangential direction, mark density is 
increased in a disk radial direction. Namely, there is a need to narrow the track pitch TP. When the track pilch is further 
narrowed, then the push-pull signal obtained by a pickup is reduced in the vicinity of X /16n (wherein X represents a 
wavelength of the used light beam and n a refractive index- in the light transmissive layer) of a groove depth Gd of 
DVD-R/RW, thus making impossible to obtain a practical tracking signal. Due to this condition, it is difficult to make the 
track pitch narrower any further. From these facts, there occurs a limitation for increase of recording density in the 
. conventional DVD-R/RW and analogous-formed track pitch TR 

[0009] Accordingly, for the optical disk having a reduced configuration analogously formed from the conventional 
DVD-R/RW in which the track pitch and data bit length thereof are converted into the reduced ones with respect to the 
value, of X/NA, it is impossible to put it to practical use as a stable recordable optical disk system having a practical 
recording capacity. 

OBJECT AND SUMMARY OF THE INVENTION 

[001 0] Therefore, the present invention has been made in consideration of the foregoing points. !t is an object of the 
present invention to provide a next-generation optical disk capable of recording data with a high density in comparison 
with the conventional DVD by using a higher numerical-apertured optical system and a shorter-wavelength of the liqht 
beam for reproduction. 

[0011] An optical disk of the present invention has a recording layer recording information as a row of marks and 
non-marks alternately appearing in a groove formed at a irack pitch of 0.280 ujti or greater and a light transmissive 
layer formed over the recording layer, to reproduce the information due to a light beam having a wavelength in a range' 
of 375. nm to 415 nm and illuminated oy an objective lens having a numerical aperture NA in a range of 0.80 to 0 90 
through the light transmissive layer to the recording layer, the optical disk characterized in that: the groove has a depth 
in a range of 1 8 nm to 32 nm. 

[0012] : , According to one aspect of the present invention of the optical disk, said groove has a width in a range of 80 
nm to ; ; 240 nm. 

BRI EF DE S CRIPTION OF THE DRAWIN GS 
[0013] 

Fig. 1 is a partially enlarged plan view of a groove recording type optical disk; 

Fig. 2 is a block diagram showing the structure of a photodetector in a pickup device;- ■ 

Fig. 3 is a partially cutout fragmentary perspective view of a groove-recording type optical disk according to the ' 
present invention; 

Fig. 4 is a graph showing a change of an RF modulation amplitude signal in the case of (1 , 7) RLL modulation; 
Fig. 5 is a graph showing a distribution of RF amplitude modulation factors in the case of a groove depth of 8 nm 
of an embodiment of the optical disk according to the invention; 

Fig. 6 is a graph showing a distribution of RF amplitude modulation factors in the case of a groove depth of 32 nm 
of another embodiment of the optical disk according to the invention; 

Fig. 7 is a graph showing a relationship between an area ratio and a groove depth in which the area ratio is an 
area in a range of RF-signal amplitude modulation factor of 0.6 and greater to an area of RF-signal amplitude 
modulation factor of 1 in a graph representing a mark characteristic of the optical disk of another embodiment 
according to the invention; 

Fig. 8 is a structural view showing a detail of a layer structure in the optica] disk of another embodiment according 
to the invention; • 
Fig. 9 is a graph showing a relationship between a ratio of the number of film-thickness combinations and a groove 
depth in which that ratio is the number of film-thickness combinations satisfying a modulation factor of 0.6 or greater 
to the total number of a certain population of combinations in the optical disk of another embodiment accordinq to 
the invention; 

Fig. 10 is a graph showing a range ol an objective lens NA and track- pitch TP suited as an onhogonal coordinate 
having as axes a laser wavelength X; an objective lens NA and track pitch TP in the opticai disk of the embodiment; 
Fig. 1 1 is a graph showing characteristic curves of good area to groove depths at points of P1 , P2 and P3 in Fig. 1 0* 
Fig. 12 is a graph showing a push-pull signal amplitude change relative to a groove depth at around recording on 
trie optical disk of the embodiment; . 
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Hiring , ,,i„ion region o, a , oooe *» and » "P°" - - - " " 

| | T ^^ r r^°^"""EPBEFERREDEWOB!ffi!a§ 

[M1 „ NW — . - » P~ — «*~ " — ~ '° "'^ 

The disK 11 had a recording layer 1= ** ^ «*^ J>^ ffie ^ A sr00vc „ ack , „ d 
m««U. O S Ag-ln-SD-T., and glass, p.0*» e» » 5 g ^ ^ B „ d a 

, , a „d rr.ck 13 arc formed on .he n* »Mg«" 1 ol — and non-maras (uncorded .re»> to*. 

p,o„,ded on a be.nvinoiden, aid. ,l» order ,o OIreo „» g -l aye ,lii m ihi=kaaa.oa1hap,emiaa 
[0016) The M.MC hM do.iaed a ^Ole.-Maglhe Tp ^ ^ a gi00vo w- o 

of » lose, „.»elong.h X ol 406 am. on owe « £ a N » «I IX ^ 6y us|ng A 

simulation. , , m . rks chanae in its characteristics in various ways depending upon 

mo. 7] in the recording-type disk, the recorded mate .change ,n f ^ concentrated on tw0 

ne recording-layer composition, "< m to aim a, obtaining a greater RF-s.gna 

parameters of a mark reflectivity and a ma k phase i as ma q( r reflecijvity op a m k by a 

amplitude modulation tactor. The mar "J^^i" defined as a difference in phase between the mar 
reflectivity on a non-mark m the fl^^^^m^ modulation factor is defined as a rat.o of a reproduced 
ana the non-mark in the optical d.sk. The RF ^gnal amp. modu | al ion factor, in the case of (1 , 7) RLL 

FIF signal amplitude to a maximum ampl, u e a.ue a he RF »g ^ |8 flnd he m£ „ 

rrodulation shown in Fig. 4 for example, is defined as y sed by a value ol from 0 to 1 . 

. I8H. Accordingly, RF-signa. amplitude corresponding to a groove depth on a 

00181 RF-signal amplitude modulation factor show, a part cula , a - resp ective.y, which vanes 

oolate having a mark reflectivity and ^^^^^^ M " T " 

depending on a mark reflectivity and mark pha * N^Jj e e * , 9 east a depth in a mark characterises . 

curves in a particular distribution contour d.ag am .na ^'^^J^ lne RF . S igna, amplitude modulation 

For example. Figs. Gd=8n m , Gw=100nm) and (T P =0.3„m. Gd,32nm. 

factor as contour diagrams in both the cases or t r 

Gw=100nm) respectively. ratin of an area in a range of RF-signal amplitude modulation factoi 0.6 

[0 019] At this point, the inventor de.mes a i n*c of a 9 representing a dependency of the RF- 

Lnd g eater to an area of RF-signa. B^P'-tude modulation actor g P . ^ ^ (%) ^ the 
signal amplitude modulation factor on the mark character «« n F 9 ^ . ^ jg ^ as a 

D Jd standard book requires RF-signa, a 1 of a good area range is grven F (X, NA, TP Gd 

once, in other words, provided that the '"^"^7^^^ of less than 1 80 degrees, track pitch TP and 
in the entire range of a mark reflectivity of less than 1 and m L P ^ ^ 

groove depth Gd are set to satisfy F (X, ^A. ^ ^>06or g p g dgpth ^ ^ emb d|m t . As 

[0020] Fig. 7 is a graph showing a relationship between a g cons idered that the recording layer .s 

Lpparen, from Fig. 7, good area has a dependency J^^Xth range of 1 8 nm to 32 nm is satisfactory. 
, r^i-ly^to^^-^'^^^^roSi on phase-change op.ical disks each having a re- 
[0021] in a second embodiment a computer ^ U ^ B ^ |aycr J, , phase -change material Ag.nSbTe and Zn- 
cordii g layer 15 similar to Fig. 3 which is compose d oh medium a^ h ^ ^ {jim lhicknesses ot 

S^pLlction layers sandw^ 



PV (t1=100nm, t2=7nm : t3=35nm) 
P2: (t1=100nm,12=8nm,l3=37nm) 
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P3: (t1=00nm, t2=6nm, I3=38nm) 

[0022] The mark characteristics of the phase-change optical disks are fallen onto positions as shown at P1 to P3 in 

roS, rth lh8t th6Se marK Characlerislics ««* depending on the fi.nvthickness combinat o 

[0023] Furihe, another computer simulation is made on the case that the film-thickness combination in the structure 
o Fig. 8 ,s changed ,n a manner that t1 is changed in a range of 95 nm to 1 05 nm, ,2 is in 5 nm - 7 nm a d ,3 is S 

la L fTn ft T 80 ° h kindS ,f0m " S ' film - lhickne££ combinations, the mark characteristics are 

lated for of the phase-change optical disks. ©pct-uveiy umLu 

SL?' 9 15 f Ca ' CUlati T "T" °' 9faPh WhiCh Sh ° WS 3 rela,ionshi P be,w ^n a ratio of the number of film- thickness 
comb.nat.ons and a groove depth ,n which such a ratio is a ratio of the number of combinations of film thickness halo 
a mark characters sa.,sfy,ng RF-signal amplitude modulation factor 0.6 or greater to the number of fh abstrac led 
combinations. As apparent from the graph of Fig. 9, it is understood that, as the groove depth increases great than 
32 nm; immediately reduced is the number of combinations o, the fi.m-thicknesses having aLZ S« 
signafamplitude modulation factor 0.6 or greater. ™* wwaciensiicoi He- 

[0025] - Namely, it can be seen that, as the broader is the area of a range satisfying RF-signal amplitude modulation 
actor 0.6 or greater ,n a two-dimensional graph representing a mark characteristic e.g. Rgs. 5 and 6 e^nced i 
the film-thickness selectivity in lamination design, i.e. freedom. ennancec is 

[0026] ■ As understood from the comparison between Fig. 7 and Fig. 9. taking into account film-design freedom there 
is a correlation between the good area and the combination ratio of the film thicknesses having a mark charaT.erl, c 
satisfying a predetermined modulation factor. Accordingly, i, can be considered in the graph showing an RF-siqnai 
amplitude modulation factor dependency on a mark characteristic as shown in Figs. 5 and 6 that the ratio ofa region 
area sat.sfying RF-signal amplitude modulation factor 0.6 or greater (good area) I fi.m-design freedom " 
[0027] This is generally true for other recording layers, irrespectively of the recording-layer composition layer struc- 
ture ana film-thickness range described in the embodiment. . (JOi, " lon ' 'ayerstruc 
[0028]- The above embodiment has showed the case of a laser wavelength X of 405 nm, an objective lens NA of 0 85 
and a track pitch TP of 0.030 urn. The present inventor has conducted a further computer simulation on , e depen encv 
of good area and groove depth in the case of an objective lens NA of from 0.80 to 0.690, a laser wavelength To from 
375 nm to 415 nm and a track pitch TP of form 0.325 nm to 0.230 urn. As a result, this has been confirmed to similar^ 
stand within the range of the following formulas (1) to (3). conurmea 10 similarly 

t " 0.28 ^ TP(^m) ^ 0.325 (1) 

375 ^ X (nm) rs 415 • (2) 

0.8 ^ NA ^ 0.9 (3) 

[0029] However provided that tracking can be stably carried out with a push-pull signal amplitude of 0 1 2 or greater 
Tnd 6 ^ ^ 18 ^ re9 ' 0n SaliS ^ n9 thiS be eXp — d * *e followin g P formu,a 



8000 TP ( H m) - 9X (nm) + 3600 NA 1 745 (4) 

orT^eT^' " ^ ^ ^ °' *' ^ '° <4) ' E ' ab ' e traCking iS avai,able with a 9 roove de P«' °< 1 8 nm 

EShi Si* "'f ""I!! '"I' 3 " 9 : ° f ,0rmU ' aS (1 } 10 (4) °" an orth09 ° nal cooro ' inate havin 9. ^ axes, laser wave- 
P2 and "p3 ii Rg T '** ^ ^ °' ' 0rmUla (4) iS 3 P ' ane inc ' udin 9 < he PO««. 0 ' PI , 

[0032] The dependency of good area on groove depth in the range of formulas (1) to (4) with Na, X and TP shown 
in Fig. 10 was calculated by taking, as an example, the points of P1 , P2 and P3 of Fig. ,o. Fig. 11 shows a cafcu.aZ 
result, showing a relationship between a good area and a groove depth. In this case, as apparent I om ft i Ti" 
can be seen that a good area of 60% or greater is satisfied if the groove depth is 32 nm or smaller a. the point Pi TP 
- 0 28 prri, NA - 0.8) and the groove depth is 18 nm or greater a, the point P2 (X = 415 nm, NA = OS) .t ha 
con irmed that, if the groove depth is taken 32 nm or smaller even in the range of the formulas (1 ) to (4, show in S 
1 0, the good area is 50% or greater thus facilitating film-thickness design. 9 ' 



EP 1 205 916 A2 



E,i ol DVD-MW. From me slandard book, .he posh „ 

(0034) Gee,,,.,. » .he rack, »ch Tf . «o~ «*»J ™ ss , abli P shm(1 „, However, the op.ieal d,ak 0. .henrwenuon 
racking una..Me r.eulllng in .he epical A* a^aem our M «. , 0 oB , ai „ a ,„„„„ s.aMiped .r.ek.ng (posh- 

empioye . groove dep.h ol 18 - or l^T^* ™" Waller l.d.rre.es lha d e s,9h 01 a recording layer ma, 
prrlS signal Sirmrll.neoue.ly, Ihe groove * P' » ^ * ™ ° , ecordi „ , 0 „, ot »»„ ed * aulliti.r.1 magmlude. 
L KF-slgna. ■TS-^^^^'^'l makaa poea* ,o raa.iza a «*. groove-reeordrng 

of the embodiment. acvmmc trv caused due to objective lens shift . It is well known that this phe- 

,0037] The problem with DPD includes ^^^"J" diffe J ce o( grea ter than M. 
.omenon is due to the cause of deviation map t opUca ^™^s in p'lace of pits to have further complicate 
[0 038] In the optical disk of the invention, there are metry must be sufficiently suppressed, because it 
Use structure, wherein asymmetry • ^f^^S^ serious defect in reproducing signals. For this 

l Zl of Rb + Rd and Rc + Ra of the 4-guadran ^ ^ ^ °^^ red in a ? e gion o, from a reference point 0 
while changing the groove width. 

Asymmetry = (T1 - T2)/(T1 + T2) 

, 0040) P,g. u la . PrePh ^^^^^^^ 

SnS- - need ,o pre** £ » a „ «- ; 

within a practical range. ovnlained as an example, the layer structure shown in F.g. B, the invention 

ro0421 Although the above embodiment explainers an examp , y hickness ranges Name | y , the 

r^r^sfde: the sing-o-layer structured optical disks, the invention is similar, materia,i Z ed on an optica, disk 

optical disk having recording layers on both surf aces o(18 nm . 32 nm where sufficient amplitude is 

[0045] in the invention, the groove depth was prov ded g ^ & ^-converted value of the 

LJble in the push-pull ^^^J^^T^ a result, the recording density is increased, and 
conventional DVD-R/RW, stable track.ng » ^'^^ „ |acilitated . 

,-ecording-layer design for obtaining ^^^^JLuy in a DPD tracking signa, is suppressed by making 
[00 46, According to the P-e^ ^^J^^ when reproducing a recorded optica, disk 

^Texc'slVreprrducer using DPD for ^SnTtLo^S drawings se, forth the preferred embodi- 
S J- — it SSS °— s, UioL and alternative designs will, of course, 
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become apparent to those skilled in the art in light of the foregoing teachings without departing from the soift and 
scope of the disclosed invention. Thus, it should be appreciated that the invention is not limited to the disclosed em- 
booimerrts but may oe practiced within the full scope of the appended claims. 

5 

Claims 

1. An optica! disk comprising: 
>° 2 substrate; 

a recording layer formed on the substrate and having a groove formed at a track pitch of 0.280 urn or greater 
for recording information as a row of marks and non-marks alternately appearing in the groove; and 
a light trans-missive layer formec ever said recording layer, " 

characterized in that said groove has a depth in a range of 18 nm to 32 nm on condition that reproducing 
of information is preformed in a way that a light beam- having a wavelength in a range of 375 nm to 415 nm is 
illuminated by an objective lens having a numerical aperture NA in a range of 0.80 to 0.90 throuqh said lioht 
transmissive layer to said recording layer. ' 

2. An optical disk according to claim 1 , wherein said groove has a width in a range of 80 nm to 240 nm. 
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Fig. 3 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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Fig.l 3 




Fig. 14. 




